Introduction
The next generation of electron storage rings, which currently is under design, Super-Adone', PEP2, EPIC3, PETRA' and the electron option of _--, '--ISABELLE'., has in typical cases electron bunches of about 0.1 m length and peak currents of up to 1000 A. For these devices, beam-loading of the rf system must be carefully considered.6
Of course, the loading of an rf cavity by a beam is an old and wellunderstood subject. However, in the classical cases the bunch spacing is equal to an rf wavelength and the-bunch charge is so small that the energy loss is small compared to the energy gained by the bunch from the excited cavity.
A striking exception to this situation is envisaged in the rf accelerating structure of an electron ring accelerqtor, where a bunch of negligible extent, and with very high charge, is expected to lose a considerable amount of energy. In fact, only the finite radius of the beam tube and the periodicity of the structure keep the loss within bounds.' ---~ .^ .-
The situation in electron storage rings is between these two extremes:
The bunch charge is high, but the bunch length is of the order of the rf cavity length. In contrast to the electron ring accelerator, the bunch passes repeatedly through the same cavity.
We employ routine procedures to evaluate the energy loss of an electron bunch to a model rf cavity, namely to a closed cylindrical lossy cavity.
This model should be valid provided the bunch is long compared to the &meter of the entrance and exit ports of the cavity. In addition, we study, by a numerical method, the effect of--the ports on the energy loss. Let cR(n) and 4,(n) be the energy displacement and the azimuthal position of the a-th particle at the n-th revolution, with respect to the synchronous particle, having energy E. The equations of motion can be written as 
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The energy loss of the R-th particle at the n-th revolution is then
given by 5&d = -e s dw i( exp t T;i(n)/Zri
We write the beam current as 
The first term on the right-hand side of (5) 
. m=-w k#& (6) : the only non-zero contributions must come from those terms satisfying the In the following we will assume the bunch to be much shorter than the machine circumference, or @k/2n << 1. We can then rewrite the expression (6) for the coherent energy loss as , '
where S(x) is the step function.
The first term on the right-hand side of (8) describes the "retarded energy loss" due to the fields induced in the cavity on the revolutions previous to the n-th revolution, while the second term describes the "instantaneous energy loss of the g-th particle".
The coherent energy loss, as defined in (8), depends on the position . .
of the a-th particle inside the bunch. A quantity of more practical interest is the average energy loss per particle c --
If the particle distribution function is assumed to be time-independent, the average energy loss, W, will not depend on n.
In the following, we shall only consider this case. .-
III. The Closed Cylindrical Cavity Impedance
The coupling impedance Z(W) must be evaluated for.any given structure for which we wish to compute the beam-structure interaction. 
Here, oO = EIT/T is the circular bunch frequency, and N is the bunch pTpulation. From (lo), (11) and (B-14) 
Here, Z, is the cavity impedance at the n-th harmonic of the revolution 
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We shall call h the harmonic number, X the cavity aspect ratio, 1-1 the normalized bunch length and Q,, the quality factor of the Eolo mode.
In these new parameters, the effective impedance of (14) becomes, when con-. 
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The effective impedance (25) was evaluated on a computer. As one might have ..
suspected from the arguments given above, the resonant factors R sP are varying too rapidly to yield smooth curves for Zeff. We have therefore decided to present only curves for the minimum, average and maximum impedance, c using the-values of R sp given in (18) and (19). It may be seen from (26) that in this case Zeff only depends on the ratio h/Q,,. The effect of the beam entrance and exit ports on the coupling impedance has been studied-by a computationalprocedare12 for finding the I . coupling impedance of the infinite structure shown in Fig. 4 It could easily be extended to cases with unequal bunches with unequal spacings, or to the case of two counter-rotating beams.
'.
Since the beam-cavity interaction produces such a large coherent energy loss, it must be expected that it strongly affects the synchrotron motion,13 
